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1
COMPOSITE STRUCTURE WITH A
FLEXIBLE SECTION FORMING A HINGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to composite mate-
rials, and more specifically, to a system and method for inte-
gral fiber hinges in composite materials.

2. Discussion of the Related Art

This invention relates to creating an integral hinge in a
composite material. Throughout the text, “composite mate-
rial” means materials made from two or more constituent
materials with different physical or chemical properties, that
when combined, produce a material with characteristics dif-
ferent from the individual components. The individual com-
ponents remain separate and distinct within the finished struc-
ture. Composite materials are made up ofindividual materials
referred to as constituent materials. There are two main cat-
egories of constituent materials: matrix and reinforcement. At
least one portion of each type is required. The matrix material
surrounds and supports the reinforcement materials by main-
taining their relative positions.

Integral non-articulated hinges, for example of the
so-called film-hinge type, have been known for a long time,
and form the basis of many applications, in particular, in the
field of packaging. In general, they consist of'a local reduction
in thickness of materials resilient in flexure, thus making it
possible to form a more flexible portion between two stiffer
portions of such materials. The flexibility due to the reduction
of thickness is typically permanent.

Integral non-articulated hinges can also be formed by inte-
grating a separate, more flexible material into the composite
during its manufacture. This typically requires multiple mate-
rials and consideration of the bond between the composite
and hinge materials. As with the film hinge, the flexibility of
the hinge is a typically a permanent part of the finished mate-
rial.

Another practice is to use a separate hinge, for example
metal, that joins two separate pieces of composite material.
The hinge typically must be made separately from the com-
posite parts and often must be joined to the composite parts by
drilling, fastening, bonding or other means.

Composite shapes are typically formed in an open or
closed forming mold. The use of a mold limits the forming of
composite shapes. For example, a closed sphere cannot be
molded without including the inner form in the final product.

Accordingly, what is needed is a hinge that overcomes the
disadvantages of the aforementioned hinges.

SUMMARY OF THE INVENTION

Several embodiments of the invention advantageously
address the needs above as well as other needs by providing
system and method for integral fiber hinges in composite
materials.

In one embodiment, a composite structure includes a first
composite section including a fiber reinforcement and a com-
posite matrix, a second composite section including the fiber
reinforcement and the composite matrix, and a flexible sec-
tion interposed between the first composite section and the
second composite section. The flexible section includes the
fiber reinforcement and a reduced portion of the composite
matrix. The composite structure is bendable at the flexible
section to permit repeated rotation of the first composite
section relative to the second composite section by more than
90 degrees.
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In an embodiment, the flexible section has a maximum
width of no more than 10 millimeters.

In an embodiment, the flexible section extends across at
least a portion of a length of the composite structure.

In an embodiment, the flexible section extends across an
entire length of the composite structure.

In an embodiment, the flexible section permits repeated
rotation of the first composite section relative to the second
composite section by up to 180 degrees.

In one embodiment, a method of forming the flexible sec-
tion in the above composite structure includes removing at
least a portion of the composite matrix of the composite
structure between opposed first and second edges bounding
the flexible section. The removing may include removing at
least a portion of the composite matrix of the composite
structure between opposed first and second edges bounding
the flexible section using a laser.

In an embodiment, the method includes placing a first
blocking bar adjacent a first one of the edges of the flexible
section to cover a portion of the first composite section and a
second blocking bar adjacent a second one of the edges of the
flexible section to cover the second composite section during
the removing at least a portion of the composite matrix of the
composite structure between opposed first and second edges
bounding the flexible section.

In one embodiment, the method includes positioning the
fiber reinforcement in a planar configuration; placing a block-
ing bar to cover an area of the fiber reinforcement between
opposite edges corresponding to the flexible section; adding a
composite matrix to the fiber reinforcement, the blocking bar
restricting at least a portion of the composite matrix from
entering the flexible section.

In another embodiment, the method includes: positioning
the fiber reinforcement in a planar configuration; placing a
chemical blocking agent to cover an area of the fiber rein-
forcement between opposite edges corresponding to the flex-
ible section; adding a composite matrix to the fiber reinforce-
ment, the chemical blocking agent restricting at least a
portion of the composite matrix from entering the flexible
section.

In an alternative embodiment, a composite structure
includes a first composite section including a fiber reinforce-
ment and a composite matrix, a second composite section
including the fiber reinforcement and the composite matrix,
and a flexible section interposed between the first composite
section and the second composite section. The flexible sec-
tion includes the fiber reinforcement and no portion of the
composite matrix. The composite structure is bendable at the
flexible section to permit repeated rotation of the first com-
posite section relative to the second composite section by
more than 90 degrees.

A method of forming the flexible section in the composite
structure of the alternative embodiment includes removing all
of the composite matrix of the composite structure between
opposed first and second edges bounding the flexible section.
The removing may include removing all of the composite
matrix of the composite structure between opposed first and
second edges bounding the flexible section using a laser.

In an embodiment, the method includes placing a first
blocking bar adjacent a first one of the edges of the flexible
section to cover a portion of the first composite section and a
second blocking bar adjacent a second one of the edges of the
flexible section to cover the second composite section during
the removing all of the composite matrix of the composite
structure between opposed first and second edges bounding
the flexible section.
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In one embodiment, the method includes positioning the
fiber reinforcement in a planar configuration; placing a block-
ing bar to cover an area of the fiber reinforcement between
opposite edges corresponding to the flexible section; and
adding a composite matrix to the fiber reinforcement, the
blocking bar preventing the composite matrix from entering
the flexible section.

In another embodiment, the method includes positioning
the fiber reinforcement in a planar configuration; placing a
chemical blocking agent to cover an area of the fiber rein-
forcement between opposite edges corresponding to the flex-
ible section; and adding a composite matrix to the fiber rein-
forcement, the chemical blocking agent preventing the
composite matrix from entering the flexible section.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
several embodiments of the present invention will be more
apparent from the following more particular description
thereof, presented in conjunction with the following draw-
ings.

FIG. 1is a perspective view of a composite material with a
hinge according to an embodiment of the present invention.

FIG. 1A is a perspective view of the composite material
with the hinge in another configuration according to an
embodiment of the invention.

FIG. 1B is an end view of the composite material with the
hinge in another configuration according to an embodiment
of the invention.

FIG. 1C is an end view of the composite material with the
hinge in another configuration according to an embodiment
of the invention.

FIG. 2 is a perspective view of the composite material with
the hinge formed by a laser according to an embodiment of
the present invention.

FIG. 3 is a perspective view of the composite material with
the hinge formed by a torch and plates according to an
embodiment of the present invention.

FIG. 4 is a perspective view of the composite material with
the hinge formed by a matrix blocking bar according to an
embodiment of the present invention.

FIG. 5 is a perspective view of the composite material with
the hinge formed by a chemical matrix blocking material or
agent according to an embodiment of the present invention.

FIG. 6 is a perspective view of the composite material with
aplurality of hinges and cut lines according to an embodiment
of the present invention.

FIG. 6A is a perspective view of the composite material
with a plurality of hinges and cut lines formed into a three-
dimensional shape according to an embodiment of the present
invention.

FIG. 7 is an end view of the composite material with a
plurality of hinges according to an embodiment of the present
invention.

FIG.7A is aside elevational view of the composite material
with a plurality of hinges formed into a three-dimensional
shape according to an embodiment of the present invention.

FIG. 8 is a perspective view of the composite material with
a plurality of cut lines coupled to a fabric material according
to an embodiment of the present invention.

FIG. 9 is a perspective view of three composite material
layers with hinges according to one embodiment of the
present invention.

FIG. 9A is a perspective view of a thicker composite mate-
rial with a thick hinge according to an embodiment of the
present invention.
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Corresponding reference characters indicate correspond-
ing components throughout the several views ofthe drawings.
Skilled artisans will appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some of
the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of various
embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a
commercially feasible embodiment are often not depicted in
order to facilitate a less obstructed view of these various
embodiments of the present invention.

DETAILED DESCRIPTION

The following description is not to be taken in a limiting
sense, but is made merely for the purpose of describing the
general principles of exemplary embodiments. The scope of
the invention should be determined with reference to the
claims.

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

Furthermore, the described features, structures, or charac-
teristics of the invention may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided to provide
a thorough understanding of embodiments of the invention.
One skilled in the relevant art will recognize, however, that
the invention can be practiced without one or more of the
specific details, or with other methods, components, materi-
als, and so forth. In other instances, well-known structures,
materials, or operations are not shown or described in detail to
avoid obscuring aspects of the invention.

Referring to FIG. 1, one embodiment of a composite struc-
ture 100 with a flexible section or hinge 102 is shown. The
composite structure 100 comprises a composite material,
which as described above, generally comprises matrix and
reinforcement, and in one form, includes one or more types of
composite fiber reinforcement and one or more types of com-
posite matrix.

In the exemplary form the hinge 102 of the composite
structure 100 is a fiber hinge. The expression “fiber” is under-
stood to mean a type of fiber composite reinforcement. Types
of composite matrix compatible with fiber hinge formation
include, but are not limited to, epoxy resin, polyester resin,
and vinyl-ester resin. The fiber hinge 102 has been shown in
FIG. 1 as being linear, but may have any other suitable shape,
for example, curved, undulating, zigzagging, or the like.

In the embodiment shown in FIG. 1, the composite struc-
ture 100 has a sheet-like shape having a large planar area and
a relatively small thickness. In one approach, the composite
structure 100 may be square-shaped, with each side being
about 1 inch to about 48 inches. In another approach, the
composite structure 100 may be rectangular, with a length of
about 2 inches to about 92 inches and a width of about 1 inch
to about 92 inches. It will be appreciated that instead of being
square or rectangular, the composite structure 100 may have
any other suitable shape, for example, trapezoidal, triangular,
or the like.

The hinge 102 of the composite structure 100 includes first
and second edges 104, 106, which define the boundaries of
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the hinge 102. The first edge 104 separates the hinge 102 from
the first section 108 of the composite material 100 and the
second edge 106 separates the hinge 102 from the second
section 110 on the upper surface 112 of the composite mate-
rial 100. In the form shown in FIG. 1, the hinge 102 is formed
when at least a portion of the composite matrix is removed
from the composite structure 100. As shown in FIG. 1, the
hinge 102 bounded by the edges 104, 106 and the thickness of
the first and second sections 108, 110 of the composite mate-
rial.

In one embodiment, removal of at least a portion of the
composite matrix from the composite structure 100 results in
a reduced portion of the composite matrix remaining in the
area of the hinge 102 of the composite structure 100. A
reduced portion of the composite matrix will be understood to
mean a remaining portion of the composite matrix after a
percentage of the composite matrix has been removed. For
example, a reduced portion of the composite matrix may be a
portion of the composite matrix including from about 0.01%
to about 10% (e.g., about 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%) of the composite matrix relative to the
composite matrix present in the composite structure 100 out-
side of the edges 104, 106 of the hinge 102.

In another embodiment, removal of the composite matrix
from the composite structure 100 results in a composite struc-
ture 100 where the area of the hinge 102 between the edges
104, 106 includes no (i.e., zero) composite matrix.

As shown in FIG. 1, one example of the hinge 102 is a
narrow strip of material extending across at least a portion of
the length of the composite structure 100. The removal of the
composite matrix of the composite structure 100 to form the
hinge 102 is preferably accomplished in a way such that the
fibers forming the fiber hinge remain intact. Methods for
removal of portions of the composite matrix to form the hinge
102 according to some embodiments are described below.

The hinge 102 allows for pivoting, bending, and rotational
movement of the composite structure 100 about the hinge 102
without breaking the composite structure 100. For example,
the composite structure 100 may bend or rotate about the
hinge 102 by 180 degrees or less, for example, by more than
90 degrees (e.g, 120 degrees, 150 degrees), by 90 degrees, or
by less than 90 degrees (e.g., 60 degrees, 30 degrees). In one
embodiment, the width of the hinge 102 is approximately /16"
to 148", In one embodiment, the width of the flexible section or
hinge 102 is no more than 10 millimeters.

FIG. 1A depicts the composite structure 100 shown in FIG.
1 undergoing a bend of approximately 90° where a corner is
formed by the hinge 102. FIG. 1B depicts the composite
structure 100 undergoing a bend of approximately 180°
where a corner is formed by the hinge 102. The 180° bend
shown in FIG. 1B is fully reversible, as shown FIG. 1C, which
shows the composite structure 100 undergoing a reverse bend
of approximately 180°, thereby illustrating that the hinge 102
can undergo bending over a range of from 0° past 90°, past
180°, and past 270° up to 360°. The radius of curvature at a
corner formed by a hinge 102 is generally small, for example,
from about 0.0625" to about 0.125".

FIG. 2 depicts one embodiment of a method of removal of
material from the composite structure 100 to form the hinge
102. The composite structure 100 in a sheet-like shape and an
exemplary device adapted to remove portions of the compos-
ite structure 100, such as a laser 200 are shown. The laser 200
is preferably a CO, type of laser, but it will be appreciated that
other lasers may be used.

As shown in FIG. 2, the laser 200 is oriented with its beam
axis perpendicular to the upper surface 112 of the composite
structure 100. The hinge 102 is shown in FIG. 2 being formed
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by the laser 200 traveling over the area bounded by the edges
104, 106 to remove a portion or all of the composite matrix
between the edges 104, 106 from the composite structure 100.
In the example shown in FIG. 2, the composite structure 100
has a width of approximately 4" and the laser 200 removes
approximately ¥4" of material from the composite structure
100 to form the hinge 102.

As shown in FIG. 2, the hinge 102 being formed by the
laser 200 is in a form of a narrow strip of material extending
across the length of the composite structure 100. The laser
200 is preferably of a type and strength sufficient to remove a
portion or all of the composite matrix while leaving the fiber
reinforcement of the composite structure 100 intact. The
hinge width for this method is approximately Vi¢"-1/4".

In an alternative embodiment, the hinge 102 may be
formed by removing all or a portion of the composite matrix
of'the composite structure 100 in an area where the hinge 102
is to be formed with an electric contact heat source such as a
solder gun, heat knife, heated press, or the like, and then
pressing the composite structure 100 onto the heat source to
vaporize the composite matrix in a precise predetermined
location to form the hinge 102.

FIG. 3 depicts another embodiment of a method of forma-
tion of the hinge 102 by removal of at least a portion of the
composite structure 100. The composite structure 100 is
shown in FIG. 3 in a sheet-like shape, including two plates
300 and a torch 302. While two plates 300 are shown in FIG.
3, it will be appreciated that any suitable number of plates
may be used, for example, one, two, three, four, or more.

In the embodiment shown in FIG. 3, the plates 300, for
example, steel plates, are placed on the composite structure
100 on either side of the hinge 102. In lieu of steel plates, other
plates, for example ceramic or aluminum, or the like may be
used. The plates 300 function to protect the composite matrix
of the first and second composite sections 108, 110 adjacent
to the hinge 102 from being removed by the torch 302 during
the removal process. As shown in FIG. 3, the hinge 102 is
formed by the oxyfuel torch 302 traveling over the area
bounded by the edges 104, 106 of the hinge 102 and removing
at least a portion of the composite matrix of the composite
structure 100.

As shown in FIG. 3, the hinge 102 is in a form of a narrow
strip of material extending across the length of the composite
structure 100. The torch 302 heats the area bounded by the
edges 104, 106 of the hinge 102 until at least a portion of the
composite matrix of the composite structure 100 is removed
while leaving the fiber reinforcement intact. Instead of the
oxyfuel torch 302 other torches, for example propane or map-
gas or the like, may be used. The hinge width for this method
is approximately Y&"-%4".

FIG. 4 depicts another embodiment of a method of removal
of portions of the composite structure 100 to form the hinge
102. FIG. 4 shows the composite structure 100 in sheet-like
shape, ablocking bar 400 and the hinge 102. The blocking bar
400 is sized and placed in FIG. 4 so that the blocking bar 400
covers the area bounded by the edges 104, 106 and which
forms the hinge 102.

As shown in FIG. 4, the blocking bar 400 is placed on the
composite structure 100 after placing the fiber reinforcement
but prior to the addition of the composite matrix. The hinge
102 is formed by preventing the composite matrix from enter-
ing the area encompassed by the edges 104, 106 of the hinge
102. The blocking bar 400 may be made of metal or other
suitable materials, for example, plastic or any other solid,
nonporous material, or the like. The composite matrix of the
composite structure 100 is added onto the fiber reinforcement
of the composite structure 100 after placement of the block-
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ing bar 400. The blocking bar 400 may be removed after the
composite matrix has set. The hinge width for this method is
approximately &"-14".

FIG. 5 depicts another embodiment of a method of removal
of portions of the composite structure 100 to form the hinge
102. FIG. 5 shows the composite structure 100 in sheet-like
shape, a chemical blocking material or agent 500, and the
hinge 102. The chemical blocking material or agent 500 is
placed so that the chemical blocking material or agent 500
covers the area bounded by the edges 104, 106 and that forms
the hinge 102. As shown in FIG. 5, the chemical blocking
material or agent 500 is placed on the composite structure 100
after placing the fiber reinforcement but prior to the addition
of the composite matrix.

The hinge 102 is formed in FIG. 5 by preventing the com-
posite matrix from entering the area of the hinge 102 bounded
by the edges 104, 106. The chemical blocking material or
agent 500 may be gypsum plaster or other suitable material,
for example, any water-soluble polymer, or the like. The
composite matrix of the composite structure 100 is added
onto the fiber reinforcement of the composite structure 100
after placement of the chemical blocking material or agent
500. The chemical blocking material or agent 500 may be
removed after the composite matrix has set. The hinge width
for this method is approximately 16"-V4".

Referring next to FIG. 6, in one embodiment of the inven-
tion, a complex shape is formed by creating a plurality of
hinges 102 in the composite structure 100. FIG. 6 shows the
composite structure 100 in a sheet-like shape with the plural-
ity of hinges 102, a plurality of edges 104, 106 and an exem-
plary cut line 600. In the embodiment illustrated in FIG. 6, the
composite structure 100 is cut so that an irregular planar
shape is formed. Those skilled in the art will note that the cuts
may be made by any suitable method.

The hinges 102 in the composite structure 100 of FIG. 6
may be formed by laser matrix removal as shown in FIG. 2,
torch matrix removal as shown in FIG. 3, matrix blocking bar
removal as shown in FIG. 4, chemical blocking material or
agent removal as shown in FIG. 5, or any other suitable
method. The composite structure 100 having an irregular
planar shape shown in FIG. 6 is an unfolded cube shape, with
additional flaps at some edges to allow for overlapping at
corners. The planar shape of the composite structure 100
shown in FIG. 6 may be folded along the hinges 102 to create
a three-dimensional shape.

For example, the hinges 102 may be used to form 90°
corners in the planar shape of the composite structure 100,
forming a closed cube as shown in FIG. 6A. The planar
composite structure 100 of FIG. 6 is advantageously formed
into a three-dimensional closed shape shown in FIG. 6A
without a mold or any additional support or substructure.
Open three-dimensional shapes or other planar foldable
shapes may be formed similarly. After the exemplary cube
shown in FIG. 6A is formed, additional composite matrix
may be added to one or more of the hinges 102 shown in FIG.
6A, locking desired corners in place. Applications that utilize
moveable fiber hinges may include, for example, wallets,
folding wheelchair ramps, and standard hinges.

Referring next to FIG. 7, a section of a composite structure
100 in a sheet-like shape with a plurality of hinges 102 and
edges 104, 106 of the hinges 102 according to one embodi-
ment is shown. As shown in FIG. 7, the hinges 102 vary in
width across the thickness of the composite structure 100.
The hinges 102 shown in FIG. 7 are triangular in cross-
section, with the widest portion being at the top of the com-
posite structure 100, and tapering linearly on each side to a
point on the bottom of the composite structure 100.
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When adjacent portions of the composite structure 100 are
folded upward at a chosen triangular hinge 102 location, a
corner is formed when the adjacent portions of composite
structure 100 come into full contact with each other. This
allows a degree of the corner angle to be determined by the
formation of the hinge 102. In the example shown in FIG. 7,
the triangular hinges 102 are parallel and evenly spaced
across the width of the composite structure 100. The hinges
102 shown in FIG. 7 may be formed in the composite struc-
ture 100 by laser matrix removal as shown in FIG. 2, torch
matrix removal as shown in FIG. 3, matrix blocking bar
removal as shown in FIG. 4, chemical blocking material or
agent removal as shown in FIG. 5, or other suitable method.

The composite structure 100 may be folded along the
hinges 102 to create a 3-dimensional shape, for example, a
triangular tube 700 as shown in FIG. 7A. In this example, the
hinges 102 have been formed to result in 60° angles between
the portions of composite structure 100, resulting in an equi-
lateral triangle tube shape. The planar composite structure
100 is formed into the three-dimensional triangular tube 700
without a mold or any additional support or substructure.
After the three-dimensional triangular tube 700 shown in
FIG. 7A is formed, additional composite matrix may be
added to the fiber hinge 102 areas, locking the three-dimen-
sional shape in place. A tube shape thus formed may be used
in varying applications, including, for example bicycle
frames, wind turbine blades, and complex frame structures.

Referring next to FIG. 8, a composite structure 100 in a
sheet-like shape with a plurality of hinges 102 according to
one embodiment is shown. In one exemplary approach, the
composite structure 100 is coupled to a fabric material 800 by
sewing the composite structure 100 and the fabric material
800 together along the hinges 102 as shown in FIG. 8. This
creates an augmented fabric material with stiffness and
strength additionally provided by the composite structure
100.

In one embodiment, the fabric material 800 may be
attached to both sides of the composite structure 100, forming
a material with a composite structure on the inside and fabric
material on the outside. In another embodiment, additional
pieces of the composite structure may be coupled to the
augmented fabric material. In addition to providing locations
to couple the composite structure 100 to the fabric material
800, the hinges 102 provide fold lines for the augmented
fabric material. The augmented material may be cut, folded
and/or attached in complex shapes. Examples of applications
of'the augmented fabric material include body armor, motor-
cycle protective gear, bags and purses.

Referring next to FIG. 9, an alternative embodiment of the
composite structure is shown including a top composite struc-
ture layer 900, a middle composite structure layer 902 and a
bottom composite structure layer 904. Each composite struc-
ture layer 900, 902, 904 has a hinge 102, as shown in FIG. 9.
The width of the hinges 102 of the composite structure layers
900, 902, 904 widens from top to bottom in FIG. 9; i.e., the
hinge 102 of the top composite structure layer 900 is the
thinnest, the hinge 102 of the middle composite structure
layer is wider than the hinge 102 of the layer 900, and the
hinge 102 of the bottom composite structure layer 904 is the
widest of the three. The width of the hinge is increased by
approximately two times the thickness of the composite
structure layer for each successive layer.

As shown in FIG. 9A, the composite structure layers 900,
902, 904 are layered and bonded together to create a compos-
ite structure 906 including a hinge 908, which is preferably
formed by aligning the centerlines of the hinges 102 of the
composite structure layers 900, 902, 904. The composite
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structure layers 900, 902, 904 are bonded together using
epoxy, resin, or the like. Examples of applications of layered
composite structures with hinges 908 include wheelchair
ramps and airplane wing flaps, or any other structure that
requires additional strength. 5
While the invention herein disclosed has been described by
means of specific embodiments, examples and applications
thereof, numerous modifications and variations could be
made thereto by those skilled in the art without departing
from the scope of the invention set forth in the claims. 10

What is claimed is:

1. A composite structure comprising:

a first composite section including a fiber reinforcement
and a composite matrix;

a second composite section including the fiber reinforce- 15
ment and the composite matrix,

a flexible section interposed between the first composite
section and the second composite section, the flexible
section including the fiber reinforcement and a reduced
portion of the composite matrix, wherein the composite 20
structure is bendable at the flexible section to permit
repeated rotation of the first composite section relative to
the second composite section by more than 90 degrees,
and wherein a width of the flexible section varies across
athickness of the composite structure from a top side of 25
the composite structure to a bottom side of the compos-
ite structure, and wherein the width of the flexible sec-
tion is widest on the top side of the composite structure
and the width of the flexible section tapers linearly on
each side to a point on the bottom side of the composite 30
structure.



